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Abstract— Water heating using solar energy at a domestic 

level is a very common practice adopted nowadays. As it 

makes use of solar energy, as the primary source of heating, 

it is engrossing most of the researchers’ interest. As a result 

of which a newer technology has evolved and is being 

widely studied as it may help to curb the economic problem 

of high price solar panels. This paper deals with the 

performance evaluation of concrete slab solar collector, 

experimentally. The performance parameter taken for the 

study is tilt angle. The various results have been recorded 

and performance is evaluated on the basis of maximum 

temperature attained for optimum tilt angle. The 

experimental work had been performed at MED, 

M.M.M.U.T. Gorakhpur. 
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I. INTRODUCTION 

A. General Information 

Energy is the most common word used nowadays. From 

academic to industrial, every field talks about energy. If we 

talk about its literal meaning, it is the capacity to do work, 

but its importance is far greater. It forms the basis of 

economic development or rather we can say the overall 

development, which includes economic as well as the 

technological development of any country. The economic 

development of a country is directly related to the energy 

demand and its consumption, as it is the measure of 

economic growth. But its relation is not straight forward 

linear i.e. one fold increase in country’s Gross Domestic 

Product increases two fold or three fold of energy demand. 

Hence, for a country like India, with third largest economy 

[1] in the world and still growing rapidly, the energy plays 

an unavoidable role for the development. 

B. Why Concrete Slab Solar Collector 

With the advancement of new technologies the urban areas 

have widely developed. But we can’t say the same for rural 

areas, where still the traditional ways prevails. Domestic 

water heating is one of the things, in rural areas, which 

consumes non renewable energy sources like fossil fuels. At 

this stage of energy crisis, it has become essential to switch 

towards renewable energy sources, one of which is solar 

energy. The solar panels used, in conventional water heating 

system, to harness the solar energy are so costly to afford for 

rural people. Therefore, an alternative option has been 

evolved for its replacement using concrete slab solar 

collector. 

II. DESIGN MATERIAL AND SPECIFICATION 

Various researchers have used different types of material for 

different purpose. In the present work, best suited materials 

have been taken as explained further. 

The following table gives a brief idea about the 

design materials selected and its specification. 

 

S. 

No. 

Design 

material/Parameters 

Specifications/Details of 

material 

1 Solar heating systems 
Based on cement concrete 

slabs 

2 
Gross dimension of 

concrete slab 
1m x 0.5 m 

3 Thickness 50 mm 

4 
Absorbing surface 

area 
0.5 m2 

5 Metal scrap Aluminium 

6 
Thermal conductivity 

of Aluminium 
205 W/m K 

7 Absorbing paint Black paint 

8 

Glass cover 

Spacing between the 

slab and glass cover 

4 mm (thickness) 

5 mm 

9 
Flow pipes in heating 

system 

Network of copper pipes 

embedded at the top of 

absorbing surface 

10 
Thermal conductivity 

of copper 
401 W/m K 

11 

Copper pipes 

Diameter 

Spacing between two 

pipes 

 

15 mm 

60 mm 

12 

Overhead tank 

Capacity 

Height from ground 

Insulating material 

 

50 litres 

1.5 m 

Foam 

Table 2.1: Design Material and Specification 

III. METHOD 

A. Experimental Setup 

It consists of a concrete slab as the main collector part and 

the stand at which the slab rests and the overhead tank is 

kept. 

The concrete slab is made in a GI tray which gives 

it a support and at the same time it is easy to handle. While 

making the slab the copper tubes are put in it in a serpentine 

manner keeping the required spacing between the two tubes 

held with the help of wires. The tubes are kept near the 

surface i.e. 2.5 mm from the surface. The two holes are 

made in the GI tray and the copper tubes of say 2 inches are 

taken out so as to provide an inlet and outlet. The aluminium 

scraps are spread over the surface and the whole slab is kept 

for two to four days in sunlight. The whole of the slab is 

covered with the glass cover as shown in figure 3.1. The gap 

between the slab and the glass cover is kept 5 mm. It is 

made air tight by sealing it with putty. 
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Fig. 3.1: Glass cover over the slab 

Now the other part of the whole setup is the stand. 

It is in two parts. One is to keep the tank and the other one 

called frame is to keep the slab which rests on the first part. 

These are made up of M S angle and strips. The main 

purpose of stand is to provide support and keep the 

equipment at a particular location. One thing is to be noted 

that in the present work it is required to change the tilt of the 

slab time to time. Hence, an arrangement is made by 

providing a stopper of metal strips and a hook as shown in 

the figure 3.2. The height of the stopper is calculated using 

trigonometry.  

 
Fig. 3.2: Arrangement for angle variation 

B. Working Principle 

CSSC works on the simple principle similar to conventional 

solar collector. It has one inlet and one outlet. As the 

insolation fall on the slab it starts absorbing the insolation 

and gets heated up. This is due to two main reasons. One is 

that the slab is painted black which absorbs maximum 

insolation. And the other factor responsible is the glass 

cover which allows the insolation to enter but prevents them 

from going out resulting in the trapping of the heat. This 

insolation is absorbed by the slab and transformed into heat 

which is transferred to the cold water flowing inside the 

copper tubes by conduction. This raises the temperature of 

the water resulting in its heating. 

 
Fig. 3.3: Schematic flow of hot and cold water 

IV. RESULTS 

As we know that the tilt angle plays a major role as it 

determines the amount of insolation falling on the collector. 

Hence its effects are studied in the present work. The results 

obtained are expressed in the following cases. 

A. Case 1: Tilt angle = 10º 

In this case the slab is kept at a tilt angle of 10º. The 

temperature is recorded per hour from 10 a.m. to 4 p.m. IST. 

The solar insolation is also recorded for every hour. The 

maximum temperature attained was 𝟒𝟕 ℃ at 2 p.m. IST in 

this case. The maximum solar insolation was 711.35 W/m2. 

From the figure 4.1 it is clear that the temperature of the 

water increases with the increasing solar insolation.  

 
Fig. 4.1: Variations of Temperature and Solar Insolation 

with Time for 10º Tilt Angle 



Performance Evaluation of Concrete Slab Solar Collector 

 (IJSRD/Vol. 5/Issue 08/2017/187) 

 

 All rights reserved by www.ijsrd.com 698 

B. Case 2: Tilt angle = 20º 

In this case the slab is kept at a tilt angle of 20º. The 

maximum temperature attained was 𝟓𝟓℃ at 2 p.m. IST in 

this case. The maximum solar insolation was 702.37 W/m2. 

Here in this case the temperature of the water increases as 

compared to the previous case. At the point of maximum 

solar insolation the temperature attained is maximum as 

obvious from the figure 4.2. 

 

 
Fig. 4.2: Variations of Temperature and Solar Insolation 

with Time for 20º Tilt Angle 

C. Case 3: Tilt angle = 30º 

In this case the slab is kept at a tilt angle of 30º. The 

temperature is recorded per hour from 10 a.m. to 4 p.m. 

IST.The variation of solar insolation with time is also 

recorded for every hour. It is been tabulated below. The 

maximum temperature attained was 𝟔𝟑 ℃ at 2 p.m. The 

maximum solar insolation was 786.34 W/m2. 

 
Fig. 4.3: Variations of Temperature and Solar Insolation 

with Time for 30º Tilt Angle 

Here in this case the maximum water temperature 

attained is 63 ℃ which more than that attained in the 

reference paper is. It is clear from the figure 4.3 that the 

solar insolation increases till 12 p.m. then it decreases at 1 

p.m. IST after which it again increases. But the water 

temperature keeps on increasing because of the heat that is 

trapped inside the concrete slab. The ambient temperature 

also increases till 2 p.m. IST and then starts to decrease due 

to atmospheric condition. 

D. Case 4: Tilt angle = 40º 

In this case the slab is kept at a tilt angle of 40º. The 

maximum temperature attained in this case was 𝟔𝟐 ℃ at 2 

p.m. IST again. At this point the maximum solar insolation 

was 761.86 W/m2. Figure 4.4 is the graphical representation 

of the values shown in above table. It is clear that as the 

solar insolation increases the water temperature also 

increases. The insolation is maximum at 1 p.m. but the 

maximum temperature of water attained is at 2 p.m. IST, 

this is so because of the heat trapped inside the collector. 

 
Fig. 4.4: Variations of Temperature and Solar Insolation 

with Time for 40º Tilt Angle 
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E. Case 5: Tilt angle = 50º 

In this case the slab is kept at a tilt angle of 50º. The 

maximum temperature attained in this case was 𝟓𝟑 ℃ at 2 

p.m. IST. At this point the maximum solar insolation was 

774.41 W/m2. It is to be noted that the maximum 

temperature attained is less as compared to that of the 

maximum temperature attained in case 3.  

Here in this case the solar insolation is very less at 

10 a.m. IST as the weather was little cloudy. But it increases 

to 539.82 W/m2 till 11 a.m. IST here the maximum 

temperature recorded is less as compared to case 3 and case 

4.  

 
Fig. 4.5: Variations of Temperature and Solar Insolation 

with Time for 50º Tilt Angle 

F. Case 6: Tilt angle = 60º 

In this case the slab is kept at a tilt angle of 60º. The 

maximum temperature recorded per hour from 10 a.m. to 4 

p.m. IST is 49 ℃.  The solar insolation is also recorded for 

every hour. The maximum solar insolation was 783.49 

W/m2. Here in figure 4.6 the maximum insolation obtained 

is at 12 p.m. but the maximum temperature is attained at 2 

p.m. IST. This is so because of the trapped heat energy 

inside the concrete. 

 
Fig. 4.6: Variations of Temperature and Solar Insolation 

with Time for 60º Tilt Angle 

G. Case 7: Tilt angle = 70º 

In this case the slab is kept at a tilt angle of 70º. The 

maximum temperature attained in this case was 𝟓𝟏 ℃ at 1 

p.m. IST. At this point the maximum solar insolation was 

786.27 W/m2.  

From the figure 4.7 it is clear that at the point of 

maximum insolation maximum temperature is attained i.e. at 

1 p.m. About ambient temperature, it first increases then 

fluctuates between 11 a.m. to 2 p.m. IST. But its effect is 

negligible on water temperature as the heat trapped inside 

the slab as well as the glass cover does not allow the heat to 

leave. 

 
Fig. 4.7: Variations of Temperature and Solar Insolation 

with Time for 70º Tilt Angle 

H. Case 8: Tilt angle = 80º 

Further the tilt angle is kept at 80º. The maximum 

temperature attained in this case was 𝟓𝟎℃ at 2 p.m. IST. At 

this point the maximum solar insolation was 702.93 W/m2. 

The figure 4.8 below shows the variation of temperature and 

solar insolation. It is clear that as the insolation increases the 

temperature of water also increases till 2 p.m. IST. 

Afterwards it starts decreasing with time as the sun sets. 

 
Fig. 4.8: Variations of Temperature and Solar Insolation 

with Time for 80º Tilt Angle 
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V. DISCUSSION 

There are three variables, i.e. time, temperature and the solar 

insolation. In this work the performance of the collector is 

derived on the basis of maximum temperature of the water 

attained at optimum tilt angle. Hence, the comparison of the 

solar insolation is of utmost importance. The solar insolation 

should remain constant while comparison. But it is 

impossible as the readings taken were at different days. 

Hence an average value of the maximum solar insolation of 

all the cases was considered. 

An average value of the maximum solar insolation 

for every tilt angle (from 10º to 80º) is calculated to be 

751.12 W/m2. Since this value is approximately near to the 

maximum solar insolation of every tilt angle between 1 p.m. 

to 2 p.m. IST, hence it can be considered as constant. 

 
Fig. 5.1: Combine Solar Insolation (SI) v/s Time graph 

Combining all the cases a combined graph can be 

plotted between the time and temperature at various angle. 

Below is the graph shown for every tilt angle. From the 

figure 4.2 it is very clear that the tilt angle at which the 

maximum rise in temperature can be achieved is 30º. It is 

attained at 2 p.m. IST which is approximated from the figure 

4.9 to be the time for maximum solar radiation for all the 

cases, i.e. for all the eight tilt angles. 

 
Fig. 5.2: Combine Water Temperature (Tw) v/s Time graph 

VI. CONCLUSION 

This paper deals with the performance analysis of concrete 

slab solar collector on the basis of single performance 

parameter i.e. tilt angle. Different sets of readings of hot 

water for various tilt angles have been recorded for entire 

day from 10 a.m. to 4 p.m. IST. At the same time the solar 

insolation and the ambient temperatures were also recorded. 

From the results obtained, conclusion for maximum 

temperature have been plotted. It was found that the 

maximum temperature is attained when the tilt angle is 30º. 

Also the temperature of the water is raised up to 63ºC. 
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